Actinic Keratosis {#Sec2}
=================

Description, Risk Factors, Epidemiology, and Definition {#Sec3}
-------------------------------------------------------

Actinic keratosis (AK) represents a common skin disease, clinically characterized by crusty and squamous lesions, usually erythematous but also pigmented, that histologically show several degrees of keratinocytic atypia. The lesion diameter can range from a few millimeters to more than 2 cm \[[@CR1]\]. Lesions are normally located on the chronically sun-exposed areas such as the face, bald scalp, forearms, and back of the hands, primarily in fair-skinned individuals (Fig. [1](#Fig1){ref-type="fig"}). The cumulative exposure to solar radiation is the main causative factor of skin damage, as indicated by the name of the disease ("actinic" refers to radiation) \[[@CR2], [@CR3]\].Fig. 1Lesions observed on the forehead of a patient with AK and field cancerization

In addition to fair skin (Fitzpatrick phototype I--III), other risk factors include advanced age, gender, occupation (outdoor workers are at higher risk), immunosuppression, and genetic predisposition \[[@CR3], [@CR4]\]. The lesions appear as pink, red, or brownish patches, papules, or plaques and are generally asymptomatic, but may also cause itching or be sensitive to touch \[[@CR5], [@CR6]\]. AK most often manifests as multiple lesions rather than a single lesion \[[@CR7]\] (Fig. [1](#Fig1){ref-type="fig"}). AK lesions are mainly diagnosed by clinical evaluation and confirmed by a histological analysis, dermoscopy, or reflectance confocal microscopy if necessary \[[@CR1]\]. AK lesions are classified in grades depending on their severity: grade I, slightly palpable AK; grade II, moderately thick AK; and grade III, very thick and hyperkeratotic lesions \[[@CR8]--[@CR10]\]. AK is considered part of a disease continuum in sun-damaged skin characterized by the proliferation of atypical keratinocytes and represents an important health concern due to its potential to progress to invasive squamous cell carcinoma (SCC), a type of non-melanoma skin cancer (NMSC) which is associated with considerable morbidity and high metastatic potential \[[@CR11], [@CR12]\]. In fact, recent histological and molecular characterization of AK and international guidelines on its management support the definition and classification of AK as an in situ SCC \[[@CR1], [@CR8], [@CR9]\]. It has been reported that around 5--10% of AK cases can progress to invasive SCC in a 10-year period \[[@CR10], [@CR13]\].

The risk for disease progression depends on the number of risk factors and on clinical features \[[@CR14]\]. Individuals with more than five AK lesions are at a higher risk of developing SCC and this risk may rise to 20% for individuals with more than 20 AK lesions \[[@CR15], [@CR16]\].

The prevalence of the condition varies among reports depending on country and population type. In general, AK is more frequent among older individuals and men, and in countries closer to the equator. In Europe, a prevalence of up to 38% has been reported (around 3% for Germany, 15% in UK, 23% for Spain, 38% for the Netherlands) \[[@CR17]--[@CR20]\] while a prevalence of 11--26% has been reported in the USA \[[@CR21]\]. The highest rates have been reported in Australia where up to 60% of individuals over the age of 40 are reported to have AK \[[@CR2], [@CR22], [@CR23]\].

Histological Characteristics {#Sec4}
----------------------------

The development of AK is associated with clinical, histological, and molecular changes. Histologically, AK is defined by a mild keratinocytic atypia in the lower layers of the epidermis, resulting in a defective maturation of the superficial epidermis \[[@CR1], [@CR3], [@CR5]\].

The severity of AK lesions is defined on the basis of the distribution of atypical keratinocytes in the epidermis. Grade I and II AKs, both defined as early in situ SCC, are characterized by the presence of atypical keratinocytes in the lower third and lower two-thirds of the epidermis, respectively. In grade III AK or in situ SCC, atypical keratinocytes are present in more than two-thirds of the epidermis \[[@CR8], [@CR9]\]. It was previously considered that invasive SCC originated according to a progression model from AK I, to AK II, AK III, and finally SCC (Fig. [2](#Fig2){ref-type="fig"}). Recently, Fernández-Figueras and co-workers demonstrated that most invasive SCCs are surrounded by AK I tissue, suggesting that the aforementioned progression model is not always accurate \[[@CR24]\].Fig. 2Schematic representation of AK cancerization field

Invasive SCC resembles this histological profile but can be distinguished from AK by the presence of infiltrative cells that cross the basement membrane between the epidermis and dermis and thus invade the dermis. These cells are not easily detected at an early stage. In this case the thickness of the epidermal atypia and the implication of hair follicles could be an indicator of the invasive nature. In contrast, later stages of invasive SCC are associated with the formation of easily detected nests of atypical tumor cells in the dermis \[[@CR11]\].

Pathophysiology {#Sec5}
---------------

The exact pathogenic mechanism of AK is elusive, but it has been widely suggested that the induction of DNA damage by UV radiation is the main trigger of the process. The UV-B spectrum (290--320 nm) can lead to direct DNA damage by inducing the formation of cyclobutane pyrimidine dimers (CPDs) and pyrimidine--pyrimidone 6--4 photoproducts with a subsequent oncogene expression in the entire affected field \[[@CR1], [@CR9], [@CR10]\]. Absorption of UV-A radiation (320--400 nm) by skin chromophores leads to the generation of reactive oxygen species which oxidize guanine residues in the DNA, thus generating mutagenic oxidative products \[[@CR1], [@CR9], [@CR10]\].

Interestingly, the creation of photoproducts continues for more than 3 h after UV irradiation in all skin types except in albino patients. These products are known as dark cyclobutene pyrimidine dimers and are caused by the excitation of electrons in melanin (mostly pheomelanin) and melanin fragments \[[@CR25]\]. If DNA repair capacity is impaired or defective, the accumulation of oncogenic mutations on actinically damaged skin leads to a proliferation of atypical keratinocytes that may manifest as AK lesions \[[@CR2], [@CR9]\].

Molecular Changes {#Sec6}
-----------------

At the molecular level, many similarities have been described in AK and SCC \[[@CR9]\]. Particularly, a p53 pathway dysregulation has been reported to be crucial for the development of both AK and SCC lesions \[[@CR6], [@CR26]--[@CR28]\].*p53* plays an essential role in cell cycle arrest, repair of damaged DNA, and tumor suppression. Mutations in this gene affect its role as a cell cycle regulator and also result in the release of cells with damaged DNA from apoptotic control, leading to a clonal expansion of altered keratinocytes into an AK lesion \[[@CR13]\].

The Concept of "Cancerization Field" {#Sec7}
------------------------------------

UV light causes the initial mutational event in sun-exposed skin area. As a result of accumulated mutations in key genes, loss of cell cycle arrest in certain cells leads to a clonal expansion. In a patient presenting visible AK lesions, multiple non-visible lesions at different stages of progression can be present. The visible clinical lesions represent an initial indication of a disease continuum than can progress from atypical keratinocytes first to asymptomatic AK lesions and then to invasive SCC \[[@CR29]\]. Apart from the clinically manifested lesions, subclinical lesions, in the form of dysplastic keratinocytes, can be also observed histologically on a clinically lesion-free skin, surrounding the AK lesions \[[@CR15]\].

The number of subclinical lesions in the area can be more than 10 times that of visible lesions \[[@CR30]\]. AK lesions at different stages of development, i.e., UV-damaged keratinocytes, subclinical (invisible) lesions, early clinical lesions, late clinical lesions, and even invasive SCC, can coexist at the same time \[[@CR30]\]. To reflect this situation, in AK the term "field of cancerization" is often used when describing the condition \[[@CR31], [@CR32]\] (Fig. [2](#Fig2){ref-type="fig"}). In the case of AK, field cancerization specifically refers to the process whereby keratinocytes surrounding a visible lesion appear histologically normal but are genetically altered \[[@CR2]\].

AK Management {#Sec8}
-------------

Taking into consideration the global population aging trend and the risk of AK lesions progressing to invasive SCC, the management of AK could become an important public health issue. Clinically and histologically it is very difficult to anticipate which lesions could progress to SCC and therefore treatment of the whole cancerization field is recommended as a preventive measure to reduce actinic damage and the risk for neoplasm progression. Therefore, AK should be treated at the earliest possible stage \[[@CR33]\]. To this end, a variety of therapeutic approaches are currently available. Some of them are administered by qualified physicians, while others can be applied topically by patients. Treatment options include lesion- and field-targeted approaches \[[@CR7]\]. Summarized information on the most commonly used currently available treatment options is provided in Supplementary Table 1. Treatment choice depends mainly on the number, size, location, and severity of the lesions.

To provide guidance for treatment choice in a clinical setting, several European and international guidelines for managing AK have been published in the last 10 years \[[@CR1], [@CR7], [@CR9], [@CR34]--[@CR40]\]. The most recent one has been elaborated by the International League of Dermatological Societies in cooperation with the European Dermatology Forum and published in 2015 \[[@CR9]\]. These guidelines are based on the evaluation of clinical trials outcomes with highly selective criteria and provide treatment recommendations based on the evidence level of each of the approaches. Some of the most recent guidelines also provide treatment algorithms that recommend therapeutic strategies depending on the subgroups of patients \[[@CR7], [@CR9], [@CR34]\]. For single palpable or visible AK lesions cryotherapy is strongly recommended. Methods such as curettage, 0.5% or 5% 5-FU (5-fluorouracil), 0.5% 5-FU + 10% SA (salicylic acid), 3.75% or 5% imiquimod, ingenol mebutate, and photodynamic therapy are also suggested. For multiple AK lesions and field cancerization, first-line treatment options include 0.5% 5-FU, 3.75% imiquimod, ingenol mebutate, and photodynamic therapy. Moreover, cryotherapy, 3% diclofenac in 2.5% HA (hyaluronic acid), 5% 5-FU, 0.5% 5FU + 10% SA, 5% imiquimod, 2.5% imiquimod, and laser therapy can also be used. For treating AK lesions in immunocompromised patients, cryotherapy, curettage, 5% 5-FU, 5% imiquimod, and photodynamic therapy have been suggested \[[@CR9]\] (Supplementary Table 1).

The selection of the most appropriate approach in each individual case also depends on patient adherence to treatment and presence of other diseases. AK requires a long-term treatment and combined approaches. Sequential treatments can also be considered \[[@CR7], [@CR9]\].

Although most currently available treatment options have shown different degrees of efficacy, many of them are associated with local side effects. On the other hand, 25--75% of patients need to repeat the treatment 1 year later because of recurrence of the lesions \[[@CR41]\]. Supplementary Table 1 shows a summary of the most commonly used treatment approaches for AK.

Therefore, novel treatment options with fewer or no side effects and reduced recurrence would be of great interest in this field and would require continuous updates of current recommendations and subsequent integration into clinical practice. Recently medical device products containing UV filters in combination with photolyase or piroxicam have been developed to be used in the management of AK \[[@CR3], [@CR42]\]. This category of products differs from common cosmetic sunscreens in that they need an external certification by an independent notified body as it falls within the scope of the European regulation of a medical device.

Recent clinical studies have shown that Eryfotona AK-NMSC (ISDIN, Spain), a film-forming medical device with sun protection factor (SPF) 100+ and the DNA repair enzyme photolyase, can lead to a significant improvement of visible AK lesions and the cancerization field, and protect against the appearance of new lesions \[[@CR3]\]. The product has been reported to be very well tolerated without causing side effects. Recently Eryfotona AK-NMSC has been included in an adjuvant treatment algorithm developed for various risk levels of AK \[[@CR2]\].

Eryfotona AK-NMSC {#Sec9}
=================

The product is a film-forming medical device that contains organic and inorganic UVB and UVA sun filters together with a DNA repair enzyme photolyase entrapped in liposomes.

Mechanism of Action {#Sec10}
===================

Eryfotona AK-NMSC acts by forming a film on the skin, thus protecting from both UVA and UVB radiation. The content of UVA and UVB filters and the vehicle used confer to the product a broad-spectrum protection and a very high SPF (100+). Eryfotona AK-NMSC also contains the DNA repair enzyme photolyase. This light-activated flavoenzyme derived from the algae*Anacystis nidulans* is unique in that it utilizes the energy from visible blue light (a process called photoreactivation) to revert CPDs and pyrimidine--pyrimidone (6--4) photoproducts. Similar to the DNA repair enzyme T4 endonuclease, photolyase has been entrapped in pH-sensitive multilamellar liposomes. The liposome encapsulation of DNA repair enzymes such as T4 endonuclease V and photolyase represents a new delivery system approach that shuttles these biologically active DNA repair enzymes into the epidermis and inside the keratinocytes \[[@CR43]--[@CR46]\]. Topical photolyase restores CPDs faster and more effectively than topical endonuclease \[[@CR46]\]. This difference can be attributed to the fact that topical application of photolyase and photoreactivation transiently provides an additional repair system to human cells. UV filters together with photolyase mechanisms contribute to the strengthening of DNA repair and protect DNA from further UV-mediated damage.

Eryfotona AK-NMSC also contains several ingredients with emollient and skin-conditioning functions, which act on dryness, scaling, and erythema associated with chronically UV exposed AK skin.

Clinical Evidence of Eryfotona AK-NMSC After 10 Years of Marketing {#Sec11}
==================================================================

This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Since the launch of Eryfotona in 2008, 11 clinical studies have been conducted assessing the beneficial effect of Eryfotona AK-NMSC on the treatment and prevention of AK lesions and on improvement of the field of cancerization in patients with mild to moderate AK. Taking together the results of the 11 clinical studies involving 228 subjects, there is enough evidence to indicate that the use of Eryfotona AK-NMSC is beneficial in AK patients \[[@CR2]\] even though the majority of these studies were open-label and involved small numbers of patients. A summary of these studies is provided in Supplementary Table 2.

Several researchers have presented the outcomes of studies undertaken during the last 10 years in different congresses and in peer-reviewed journals. In this review, we focused on the effect of Eryfotona AK-NMSC at the cellular, histological, and clinical level. Treatment with Eryfotona AK-NMSC applied either alone or in combination with other therapies has been associated with a reduction in the number of lesions, improvement in macroscopic and microscopic characteristics of lesions, and a reduction in appearance of new lesions.

First Case Reports and Pilot Studies {#Sec12}
====================================

Between 2013 and 2015, the first studies were published using different diagnostic techniques in order to demonstrate the benefits of Eryfotona AK-NMSC as a single treatment for patients with AK lesions. Puviani et al. \[[@CR47]\] published a series of six case studies showing that Eryfotona AK-NMSC for periods of 4 weeks to 2 months is efficient in the treatment of AK lesions and of cancerization field, without side effects. In 2015, the same authors published the outcomes of a pilot, prospective, open-label study with 11 AK patients \[[@CR48]\] showing that Eryfotona AK-NMSC treatment for 3 months led to a 75% reduction in the AK lesion area which was both statistically significant and clinically relevant compared to baseline. The product was well tolerated.

These data are consistent with the results reported by Laino et al. \[[@CR3]\] according to which treatment with Eryfotona AK-NMSC for 9 months was effective in reducing the hyperthermic halo around AK lesions in all the 27 patients who completed the study, while in five of them the hyperthermic halo disappeared completely. Hyperthermic halo is defined as the area surrounding a tumor lesion that can be detected by active telethermography and can represent the visible expression of the cancerization field \[[@CR3]\].

Evidence of the Effect of Eryfotona AK-NMSC on the Improvement of Cutaneous Homeostasis in the Field of Cancerization {#Sec13}
=====================================================================================================================

At the same time, studies were carried out to identify which immunological or histochemical markers can reflect the improvement in the field of cancerization after a short treatment period (from 2 to 3 months).

In 2013, Puig-Butillé et al. published a study to evaluate the molecular effects of Eryfotona AK-NMSC on the precancerous field in seven AK patients through histopathological and molecular evaluation \[[@CR49]\]. Patients were classified into fast and partial responders and it was shown that there were expression level differences for the*CPI-17* gene confirmed by RT-PCR between fast and partial responders both before and after treatment. The authors concluded that 1-month treatment with Eryfotona AK-NMSC improved the field of cancerization and restored normal phenotype in at least a subset of samples, through CPI-17 upregulation.

Following this line of research, Puig et al. published a clinical study evaluating the effects of topical Eryfotona AK-NMSC application on the cancerization field in patients with AK \[[@CR31]\]. Thirteen AK patients were instructed to use either Eryfotona AK-NMSC or a comparator containing the same organic and inorganic UVB-UVA filters (SPF 100+) without photolyase. Assessments included clinical, dermoscopic, and reflectance confocal microscopy (RCM) assessments, as well as skin biopsies, before and after the 4-week treatment. The authors reported a clinically evident improvement in erythema and scaling with Eryfotona AK-NMSC. Moreover, RCM assessment showed a marked reduction in scaling, detached corneocytes and polygonal nucleated cells in the stratum corneum, an improvement of the atypical honeycomb pattern, and fewer round nucleated cells at the spinous granulous layer with Eryfotona AK-NMSC while no improvement was noted with the comparator product. Histopathological findings indicated that after a 4-week treatment, 50% of patients showed complete histological clearance. In other words, in these patients, the epidermal morphology was no longer consistent with a diagnosis of AK. These findings were supported with data from immunohistochemistry obtained from biopsies at baseline vs end of the 4-week treatment showing decreased p21 expression (a pro-apoptotic marker) in suprabasal layers and a trend for reduction in proliferating cell nuclear antigen (PCNA, a marker for proliferation) in the basal layer. The authors suggested that longer follow-up studies with biopsy assessments at 3 or 12 months may allow evaluation of the impact of Eryfotona AK-NMSC on p53 expression.

In agreement with these observations are the results of another clinical study conducted in 2014 by Rstom et al. \[[@CR50]\] showing that Eryfotona AK-NMSC contributes to a dermoscopic and histological improvement of AK lesions. This study reported that after Eryfotona AK-NMSC application for 4 months, grade I lesions presented less desquamation and an improvement in epidermal pattern.

Evidence of the Effect of Eryfotona AK-NMSC as a Single Treatment in Severe Cases of Actinic Keratosis {#Sec14}
======================================================================================================

The demonstrated evidence of Eryfotona AK-NMSC as a unique treatment in cases of low number of AK lesions has led to research into whether Eryfotona AK-NMSC can also act on more severe cases of AK, in which patients present many AK lesions either due to genetic background or to a state of immunosuppression due to advanced age or treatment for other conditions.

Giustini et al., in 2014, reported data from a retrospective analysis of the use of Eryfotona AK-NMSC in eight patients diagnosed with xeroderma pigmentosum who as a result of a genetic defect of the DNA repair system have increased rates of AK and other premalignant and malignant skin lesions. Treatment with Eryfotona AK-NMSC was associated with a 65% reduction in the appearance of new AK lesions and with 56% and 100% reduction in the incidence of new BCC and SCC lesions \[[@CR51]\].

Along the same lines, Navarrete-Dechent and Molgó \[[@CR52]\] undertook a prospective, single-arm, case series to evaluate the effect of Eryfotona AK-NMSC applied twice daily for 3 months on nine patients with field cancerization and multiple AKs. The study showed an absolute reduction of 76.6% in the number of AK lesions, with the mean number of lesions reduced from 13.4 to 3.1 without reported adverse events.

Evidence of the Effect of Eryfotona AK-NMSC vs Very High Protection Sunscreens as Single Treatment of AK {#Sec15}
========================================================================================================

Three studies compared the effect of Eryfotona AK-NMSC to very high protection sunscreens (SPF 50+). The outcomes of the studies show that treatment with Eryfotona AK-NMSC leads to a reduction of the number of new lesions, as well as to a clinical, dermoscopic, and histological improvement of existing lesions.

Moscarella et al. evaluated the effects of a 6-month treatment with Eryfotona AK-NMSC vs sunscreen SPF50+ in a prospective, randomized, parallel, double-blind, pilot study \[[@CR53]\]. Fifty patients with at least four AK lesions at the same anatomical photo-exposed area were enrolled and 36 patients completed the study. Patients were instructed to use either product twice daily and were not receiving any other treatment for AK during the study. Clinical evaluation, dermoscopy, and RCM were used to evaluate AK lesions at baseline, after 4 weeks, 3 months, and 6 months of treatment. After 6 months of treatment, there was a significant reduction in the mean number of AK lesions vs baseline in the Eryfotona and sunscreen group; both groups also improved Baseline Severity Index (BSI) and Total Clinical Score (TCS) in the subgroup representing mild AK (less than 10 lesions in target area at baseline). The Eryfotona AK-NMSC arm showed a significant decrease in the number of AK lesions in the target area and a significant improvement of clinical parameters such as BSI and TCS including mean changes of scaling, erythema, pigmentation, and follicular plugs. Importantly, Eryfotona AK-NMSC was more effective than sunscreen in preventing the appearance of new lesions. This effect was statistically significant 3 months after initiating the treatment and persisted as a strong trend until the end of the study (6 months). In the subgroup of patients with less than 10 lesions, only 14% of the Eryfotona AK-NMSC-treated patients presented new lesions at the end of the study compared to 54% of the patients using sunscreen \[[@CR53]\].

The results in patients with mild AK confirm that Eryfotona AK-NMSC is a relevant therapy in the management of the cancerization field and offers superior benefits compared to the use of sunscreen alone.

Evidence of the Effect of Eryfotona AK-NMSC vs Very High Protection Sunscreens After Photodynamic Therapy (PDT) {#Sec16}
===============================================================================================================

In a prospective, parallel, assessor-blinded, two-arm study conducted by Eibenschutz et al., the effect of Eryfotona AK-NMSC vs sunscreen (SPF 50+) was evaluated in 30 AK patients after a successful PDT \[[@CR54]\]. Participants were randomly assigned to either Eryfotona AK-NMSC or sunscreen group. Both groups had comparable lesion counts at baseline. Participants were instructed to apply either product in a similar fashion, twice daily for 9 consecutive months. At the end of the 9-month period, the appearance of new lesions in the previously PDT-treated area and the need for another session of PDT or similar therapy was evaluated. A progressive increase in number of AK lesions was observed in the sunscreen group (mean lesion number of 3.6 at the end of the study in comparison to 0.6 just after the PDT session). In comparison, in the Eryfotona AK-NMSC group a significant reduction of AK lesions and lack of new lesions were observed (mean lesion number of 1.0 at the end of the study in comparison to 2.0 after the PDT session). In the sunscreen treated group, 15 subjects (86%) presented new AK lesions during the study either in PDT-treated areas or in new areas. From these, 10 patients (66%) needed a new PDT session or a field-targeted treatment, while no patients in the Eryfotona AK-NMSC group needed a new PDT session or another field-targeting treatment.

Overall, it can be concluded that the beneficial effect of Eryfotona AK-NMSC in comparison to very high protection sunscreen is evident in terms of reduction in the number of new and existing lesions and no need for additional PDT or another field-targeted treatment.

Evidence of the Effect of Eryfotona AK-NMSC in Conjunction with Cryotherapy {#Sec17}
===========================================================================

Eryfotona AK-NMSC is also effective in reducing the number of existing and new lesions when applied in combination with cryotherapy.

An observational study conducted by Vaño-Galván et al. evaluated the effect of Eryfotona AK-NMSC in conjunction with cryotherapy on AKs and cancerization field in 41 patients with at least four clinical AK lesions \[[@CR55]\]. The participants applied Eryfotona AK-NMSC twice daily for 6 months, starting on the day following cryotherapy. At the end of the 6-month period, the number of AK lesions decreased in comparison to baseline (a mean number of 9.56 lesions was observed at baseline and 1.51 at 6 months). The effect was better manifested in thin AK lesions (grade I--II lesions as per investigator criterion).

On the other hand, the mean number of new lesions was 0.27 at the end of the first month and 0.76 at the end of the sixth month, suggesting a possible protective effect on the appearance of new lesions. It has previously been shown that cryotherapy is effective only in 68% of AK cases. Additionally, 96% of subjects treated with cryotherapy present new lesions 1 year after completion of treatment \[[@CR55]\]. The results of the Vaño-Galván et al. study suggest that Eryfotona AK-NMSC could have a beneficial effect on the cancerization field by reducing the incidence of new lesions following cryotherapy. Although an important limitation of this study is the lack of a control group, these results are of interest as Eryfotona AK-NMSC could potentially represent a good therapeutic strategy allowing more time between cryotherapy sessions in patients with AK.

Conclusions {#Sec18}
===========

AK is one of the most common skin diseases and is associated with both visible lesions and cancerization field in chronically sun-exposed skin areas. AK should be managed as early as possible to avoid potential evolution of the lesions in invasive SCC. AK treatment options include both lesion-directed and field-directed procedures.

Clinical evidence published in the last few years supports the beneficial effect of Eryfotona AK-NMSC on AK lesions. Several studies with different degrees of clinical evidence have demonstrated that the application of Eryfotona AK-NMSC twice daily leads to a reduction of the number of existing lesions as well as to a clinical, dermoscopic, and histological improvement of the lesions and cancerization field. Additionally, Eryfotona AK-NMSC prevents the appearance of new lesions. The effect is becoming evident as early as 1 or 2 months of treatment. Importantly, application of Eryfotona AK-NMSC was also shown to be effective after PDT treatment and in combination with cryotherapy which are some of the main approaches for managing AK.

Although most of the studies are open-label, the comparators in the case of double parallel-group pilot studies \[[@CR53], [@CR54]\] were sunscreen SPF 50+, the notable clinical improvement of lesions and cancerization field seen in these studies cannot be explained by sunscreen alone.

The studies by Stege et al. \[[@CR45], [@CR46]\] demonstrating that in human subjects topical applications of photolyase entrapped in liposomes penetrate the skin and reverse UV-induced CPDs, the pilot study by Puig et al. \[[@CR31]\] showing that Eryfotona AK-NMSC improved field cancerization significantly better than a comparator sunscreen SPF 100+, and the study by Berardesca et al. \[[@CR56]\] showing that an SPF 50 sunscreen plus photolyase was more effective than SPF 50 sunscreen alone in reducing UV-induced CPDs support that the clinical effects of Eryfotona AK-NMSC are related to photolyase activity and not simply ascribed to the degree of photoprotection.

In the context of these results, Eryfotona AK-NMSC can be considered safe and well tolerated as no adverse events have been reported; it can be considered a promising therapeutic approach to be incorporated into the armamentarium for mild to moderate AK, especially in patients with a low number of lesions in monotherapy.
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